ftD-fil48  558  THEORETICAL  STUDIES  OF  RVDBERG  ATOM  COLLISIONSCU) 
MISSOURI  UNIV-ROLLA  DEPT  OF  PHYSICS  R  E  OLSON 
28  NOV  84  N00014-81-K-0538 


1/1 


UNCLASSIFIED 


F/G  20/8 


NL 


148 


SECURITY  CLASSIFICATION  OF  THIS  PACE  (When  Dm  Enioro*) 


REPORT  DOCUMENTATION  PAGE 


4.  TITLE  (an*  Suhtttle) 

Theoretical  Studies  of  Rydberg  Atom  Collisions 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 


RECIPIENT'S  CATALOG  NUMBER 


s.  tyre  of  report  «  period  covered 

Final  Report 

March  1,  1979-Sept.  30,  1984 


«.  PERFORMING  ORO.  REPORT  NUMBER 


author^; 


R.  E.  Olson 


PERFORMING  ORGANIZATION  NAME  ANO  AOORBSS 

Physics  Department 
University  of  Mlssouri-Rolla 
Rolla,  MO  65401 


CONTROLLING  OFFICE  NAME  ANO  AOORESS 

Office  of  Naval  Research 
Physics  Program  Office 


LT.rrrr  r«  in  cvex’-n 


AREA  4  WORK  UNIT  NUMSERS 


61153N 
RRO 11-03-01 


tz.  REPORT  DATE 


IS.  NUMBER  OF  PAGES 


NAME  4  AOORESSfJf  mitotan!  ham  Con tralltnt  Ol/lea)  IS.  SECURITY  CLASS,  (at  I hie  report) 


Unclassified 


IS.  DISTRIBUTION  STATEMENT  (at  thle  Report) 


Approved  for  public  release,  distribution  unlimited 


17.  DISTRIBUTION  STATEMENT  (at  the  aPetract  eaten*  la  Mae*  30,  It  mttarant  hem  Report) 


It.  KCY  WO  NO*  fCwlimM  w  www  iltfs  If  m*4  Identity  by  block  number) 

Rydberg  atom  collisions 


DTIC 


DO  ,x*n  1473 


EOITION  OF  I  NOV  SS  IS  OBSOLETE 

S/N  0102-  LF- 01 4- 6601 


SECURITY  CLASSIFICATION  OF  TNIS  PAGE  (men  OSaRteta*) 


84  12  05  029 


During  the  five  years  of  this  grant,  theoretieal  studies  were  performed  on 
a  variety  of  topics  related  to  collisions  involving  Rydberg  atoms.  Progress 
was  aade  towards  the  understanding  of  ion-Rydberg  atoa,  Rydberg  atoa-Rydberg 
atoa,  and  ground  state  atoa-Rydberg  atoa  collisions.  Cross  sections  were 
calculated  for  electron  capture,  ionization,  and  excitation  processes  and 
parametrized  in  terns  of  atoaic  parameters.  A  strong  dc  electric  field  was 
also  incorporated  in  calculations  of  electron  capture  and  ionization  cross 
sections  for  ion-Rydberg  atoa  collisions  and  studies  were  aade  on  collisions  of 
ions  with  state  aligned  Rydberg  atoas.  Progress  was  also  realized  in  the 
incorporation  of  strong  laser  fields  in  ion-atoa  collisions. 


INTRODUCTION 


At  present,  it  is  possible  to  detect  single  photons  haying  wavelengths 

_<  1  fin.  Conventional  aethods  fail  at  longer  wavelengths  because  the  reduced 

quantua  efficiency  leads  to  signal-to-noise  problems.  However,  because  Kydberg 

atoms  have  large  absorption  cross  sections  for  long-wave length  radiation 

(>  10  fin) ,  these  atosis  can  be  used  to  convert  infrared  and  aicrowave  photons 

into  either  visible  photons  or  ions  that  can  be  detected  with  conventional 

techniques.  The  basic  idea  of  a  Rydberg  aton  infrared  or  aicrowave  detector  is 

to  aake  a  target  of  these  atoas  that  is  optically  thick  to  the  radiation  to  be 

detected  at  wavelength  X  .  Thus,  the  photons  with  wavelength  X  will  be 

o  o 

absorbed  in  the  target  of  Rydberg  atoas  in  a  single  n, t  quantua  state.  The 
atoas  that  absorb  the  photons  undergo  a  transition  to  a  state  of  different 
parity  and  energy.  This  state  can  then  easily  be  detected  by  taking  advantage 
of  either  the  different  wavelength  of  the  optical  radiation,  which  is 
subsequently  eaitted  by  the  stoa,  or  the  difference  in  the  field  ionization  of 
the  two  states. 

The  first  question  that  aust  be  asked  is:  Is  it  possible  to  aake  an 

optically  thick  target  of  Rydberg  atoas  for  long-wsve length  radiation? 

Experiaental  work  has  deaonstrsted  that  a  Rydberg  atoa  detector  for  infrared 

and  aicrowave  radiation  is,  in  principle,  quite  feasible.  Moreover,  it  can  be 

orders  of  aagnitude  aore  sensitive  then  other  svailsble  detectors,  s  condition 

that  can  lead  to  a  variety  of  possible  applications.  It  is  only  necessary  to 
8  —3 

produce  a  10  ca  density  of  Rydberg  atoas  in  a  parent  gas  density  of 
11  -3 

~  10  ca  in  order  to  obtain  a  1-ca-long  optically  thick  target  of  Rydberg 
atoas.  This  density  of  Rydberg  atoas  is  now  being  produced  with  dye  lsser 
technology  in  aany  laboratories. 

Because  it  is  apparent  that  the  detector  will  work  in  principle,  it  is 
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necessary  to  determine  its  liaitations.  Obvious  probleas  are  collisional 

processes  that  either  destroy  the  popalation  of  the  Rydberg  atoa  in  a  specific 

(n,£)  electronic  level,  thereby  reducing  the  steady  state  population  density, 

or  induce  the  sane  tranaition  that  is  nsed  to  observe  the  long-wave length 

radiation,  thereby  producing  spurious  signals.  For  either  case,  the  collision 

aean  free  tiae  aust  be  coaparable  to  the  radiative  lifetiae  of  the  Rydberg 

atoa,  which  has  been  observed  to  be  eapirieally  given  by 

3 

t  -  - 2 - — —  ,ec.  (1) 

2.4  x  10  8 

As  an  exasple  of  the  aagnitudes  of  the  collisional  deactivation  cross 

sections  that  are  necessary  to  coapete  with  the  radiative  lifetiae,  one  can  use 

a  systea  in  which  the  Rydberg  atoa  is  in  the  n  ■  20  level.  Froa  Eq.  (1),  one 

finds  that  the  Rydberg  atoa  has  a  radiative  lifetiae  of  3.3  x  10  *  sec.  If  a 

Rydberg  atoa  density  of  108  ca  8  in  a  ground  state  denaity  of  10**  ca  8  is 

realistically  assumed,  it  is  easy  to  show  that  collisional  deactivation  would 

be  coaparable  to  the  radiative  process  if  the  Rydberg  atosr-ground  state  atoa 

-11  2 

deactivation  cross  section  were  on  the  order  of  10  ca  .  Because  the 

4  2 

geoaetric  cross  section  for  a  Rydberg  atoa  is  n  n  a  ,  for  a  Rydberg  atoa  that 

o 

is  in  the  n  ■  20  level  the  deactivation  cross  section  conceivably  could  be 

-11  2 

coaparable  to  the  geoaetric  cross  section,  or  -  1  x  10  ca  .  Such  a  cross 
section  is  extreaely  plausible,  especially  for  alkali  atoas,  which  have  large 
electron  scattering  lengths  and  high  dipole  polarizabilities  and  can  thus 
easily  induce  the  Rydberg  electron  to  other  close-lying  electronic  levels.  It 
appears,  therefore,  that  collisional  processes  aust  be  seriously  considered  in 
the  design  of  a  Rydberg  atoa  long-wavelength  photon  detector. 

Daring  the  last  five  years,  we  coapleted  a  series  of  theoretical  studies 
direoted  towards  Rydberg  atoa  coilisional  processes.  This  work  includes 
ion-Rydberg  atoa,  Rydberg  atoa-Rydberg  atoa,  and  ground  state  atoa-Rydberg  atoa 


%•  s- 
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scattering  along  with  collisions  in  strong  slectrio  fields.  The  work  has  been 
very  productive  and  has  resulted  in  the  publication  of  two  Physical  Review 


Letters.  six  aajor 


papers*  and  a  review  chapter  in  the  book 
g.  We  thank  the  Office  of  Naval  Research 


for  their  support  in  these  studies.  The  results  of  the  research  are  briefly 


described  in  the  next  section. 


KESEAKCH  PROGRESS  REPORT 


Early  ia  the  great  period,  we  bare  foeased  oar  atteatioa  oa  several 
Rydberg  atoa  eollisioa  probleas.  Origiaally,  oar  tbeoretioal  techaiqaes  were 
direeted  toward  ioaixatioa  eollisioas  iavolviag  two  Rydberg  atoms  ia  the  saae 
priaeipal  qaaataa  aaabers  a: 

A  (a)  +  A  (a)  ■►A  +  ...  .  (2) 

A  f oar— body  classical-trajectory  Moats  Carlo  (CTMC)  code  was  writtea  sad 

-2  1 

applied  to  Reactioa  (2)  for  eollisioa  velocities,  v/v#,  from  10  to  10  (aote: 

v(  •  1/a  a. a.  -  2.2  z  10*/a  ca/s).  It  is  of  partiealar  iaterest  that  the 

ioaizatioa  cross  aeetioas  for  (2)  were  approziaately  aa  order  of  aagaitade 

4  2 

larger  thaa  the  geometric  valae  n  a  a  at  theraal  eaergies.  Also,  the  CTMC 

o 

code  iahereatly  predicted  the  iaportaace  of  the  dipole-iadaeed  dipole  forces  at 

low  velocities  aad  showed  that  the  cross  seotioa  iaereases  as  the  velocity 
—2/3 

decreased,  as  v  The  work  was  pablished  aader  the  title  "Ioaixatioa  Cross 

Seetioas  by  Rydberg-Atoa-Rydberg-Atoa  Collisioas"  ia  Phvs.  Rev.  Lett..  43.  126 
(1979).  last  receatly,  Viag's  groap  confirmed  the  validity  of  the  calcalatioas 
ia  a  report  of  ezperiaeatal  stadies  at  the  1984  DEAF  aeetiag. 

The  CMTC  code  was  also  applied  to  collisioas  of  ioas  with  Rydberg  atoms  ia 


the  t/t^  raage  of  1  to  10.  Both  eleetroa  captare, 

A+q  ♦  B(a)  -  A+q(a’>  +  B+  ,  (3) 

aad  ioaixatioa, 

A+q  ♦  B(a)  -  A+q  ♦  B+  ♦  e"  .  (4) 

eross  seotioas  were  ealoalated.  The  cross  seetioas  were  eoaveaieatly  preseated 


ia  tens  of  siaple  aaalytical  ezpressioas  eoataiaiag  the  eollisioa  velooity, 
iaaideat  ioa  charge  state,  aad  eleetroaie  level  of  the  Rydberg  atoa.  The  aost 
iaterestiag  aspect  of  the  ealealatioas  was  the  deteniaatioa  of  the  A+q  1(a') 
prodact  ioa  distribatioas  after  the  eleetroa  captare  reactioa  (3).  The  aet 


result  was  that  the  Rydberg  Stoss' s  electron  after  capture  tries  to  preserve 


its  original  diaensions  and  orbital  energy.  Consequently,  the  aost  probable 
final  state  can  be  expressed  by 

n'  ■  nq^*  .  (5) 

The  work  wss  published  under  the  title  "Ion-Rydberg  Atoa  Collision  Cross 

Sections"  in  J_.  Phvs.B.  li.  483  (1980). 

In  the  area  of  ion-Rydberg  atoa  excitation  transfer  collisions, 

A+q  +  B(n)  -*•  A+q  +  B(n')  .  («) 

4-3  ** 

we  recently  coapleted  benchaark  calculations  on  the  N  +  H  (n)  systea  in  the 


range  of  n  ■  9  to  24.  These  calculations  were  aotivated  by  the  work  of  Kin  and 
Royer  [Phys.  Rev.  Lett.  ££,  1047  (1980)1  who  ignored  the  excitation  transfer 
process  in  the  analysis  of  their  data  and  inoorrectly  thought  that  their 
observed  cross  sections  were  due  to  the  ionisation  process.  A  paper  that  is 
concerned  with  the  excitation  transfer  process,  "Excitation  Transfer  in 


Ion-Rydberg  Atoa  Collisions,"  was  published  in 


23,  3338  (1981). 


It  was  shown  the  collisionally  foraed  high-lying  Rydberg  levels  lead  to  fake 
signals  occasioned  by  Stark  ionization  of  the  beaa  by  deflector  plates.  Thus, 
the  cross  section  dependences  predicted  in  theoretical  papers  by  seversl 
different  authors  are  not  in  doubt. 


A  major  portion  of  our  tiae  during  1980  and  1981  was  spent  in  writing  a 
review  on  theoretical  aethods  and  results  ss  applied  to  Rydberg  atoa 
collisions.  The  review  covers  "l-ehsnging"  collisions  between  Rydberg  atoas 
and  ground  state  neutral  atoas,  associative  ionisation  processes  between 
Rydberg  and  ground  state  atoas,  ion-Rydberg  stoa  collisions,  and  Rydberg 
atoa-Rydberg  atoa  processes.  It  has  been  included  ss  a  chapter  in  the  book 
entitled  Rvdbera  States  of  Atoas  and  Molecules,  edited  by  R.  Stebbings  and  P. 
Dunning  and  published  by  Caabridge  University  Press  in  1983.  Our  chapter  is 
entitled:  "Theoretical  Approaches  to  Low  Energy  Collisions  of  Rydberg  Atoas 


with  Atoms  sad  Ions"  sad  is  co-authored  with  A.  P.  Hickman  sad  J.  Pascale. 

An  interesting  research  topic  for  which  we  have  completed  calculations  is 
the  effect  of  strong  dc  electric  fields  on  ion-Rydberg  atom  ionization  and 
electron  capture  cross  sections.  This  is  a  problem  that  was  extremely 
pertinent  to  a  far  infrared  photon  detector  that  is  based  on  Rydberg  atoms, 
with  the  use  of  field  ionization  to  determine  the  product  state.  In  fact, 
because  the  cross  sections  are  so  highly  dependent  on  the  magnitude  of  the 
electric  field,  these  cross  sections  probably  determine  the  efficiency  of  the 
field  ionization  in  the  detector. 

The  electric  field  calculations  were  accomplished  by  the  CTMC  method. 
Model  problems  on  Rydberg  atoms  in  the  n  •  10  and  n  *  20  states  were  solved, 
and  the  calculated  cross  sections  were  parameterized  in  terms  of  the  quantum 
levels  of  the  Rydberg  atom,  the  electric  field  strength,  and  the  collision 
velocity.  Interestingly,  the  electric  field  caused  the  cross  sections  for 
electron  capture  to  decrease  by  up  to  fourfold,  while  the  ionization  values 
increased  by  up  to  two  orders  of  magnitude.  A  paper  entitled  "Ion  Collisions 
with  Rydberg  Atoms  in  Strong  Electric  Fields,"  which  is  co-authored  with  A.  D. 


Mackellar,  was  published  in 


i.  46,  1451  (1981). 


The  effects  of  core  interactions  in  "£ -changing”  collisions  of  Rydberg 
atoms  with  rare  gases  was  investigated  theoretically  using  coupled-channel  and 
Born  approximation  calculations.  For  low  Rydberg  levels,  n  <.  10,  the  core 
interactions  were  found  to  be  negligible.  The  work  was  performed  by  A.  Hickman 
and  publiahed  in  J.  Phvs.  B  14.  L419  (1981)  under  the  title  "The  Effect  of  Core 
Interactions  in  £ -Mixing  Collisions  of  Rydberg  Atoms  with  Rare  Oases". 

We  continued  our  investigations  of  ion-Rydberg  atom  collisions  to  include 
state-seleoted  Rydberg  atoms.  Our  calculations  are  on  collisions  of  protons 
with  Rydberg  atoms  in  the  n  ■  10  L  ■  9  level  with  m^  ■  0  and  9.  The  ionization 
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eross  section*  vex*  found  to  be  relatively  insensitive  to  changes  in  the  a^ 
levels;  however,  the  electron  capture  eross  section  showed  considerable 
enhaneeaent  if  the  Kydberg  electron  was  oriented  in  a  plane  parallel  to  the 
direction  of  the  incident  projectile.  The  result  was  unexpected,  but 
following  the  tiae-evolution  of  individual  trajectories  revealed  the  reason. 

It  was  siaply  a  case  of  velocity  notching  between  the  incident  proton  and  the 
target  electron  which  lead  to  the  enhanced  cross  section.  The  paper  describing 
this  research  was  published  in  Phvs.  Rev.  A  28.  2526  (1983)  with  the  title  "Ion 
Scattering  froa  State-Selected  Kydberg  Atoas"  by  6.  Cohring,  A.  Vetaore  and  K. 
Olson. 

As  a  general  piece  of  work  to  iaprove  our  theoretical  tools,  we  have 
incorporated  the  calculation  of  differential  eross  sections  into  the 
classical-trajectory  Monte  Carlo  aethod.  The  procedure  was  benchaarked  against 
H+  +  H  scattering  eross  sections  in  the  interaediate  energy  region.  The  tests 
were  coapletely  successful  and  have  led  to  a  aajor  paper  prepared  by  K.  E. 

Olson  entitled  "Ion-Atoa  Differential  Cross  Sections  at  Interaediate  Energies". 
The  paper  was  published  in  Phvs.  Kev.  A  2£,  1871  (1983).  Possible  extensions 
of  this  work  rest  priaarily  in  the  propagation  of  directed  particle  beaas. 

During  this  last  year,  we  directed  our  efforts  towards  the  understanding 
of  electron  capture  collisions  in  the  presence  of  a  strong  laser  field.  Ve 
used  pseudo-potential  aoleeular  structure  calculations  and  coupled-channel 
scattering  calculations  to  investigats  a  systsa  which  can  realistically  be 
studied  theoretically:  K*  +  Na.  Of  iaportance  is  we  sre  the  first  to  include 
both  the  noraal  dynaaieal  coupling  snd  the  laser-assisted  coupling  tens  in  a 
single  calculation.  This  study  displayed  the  regions  of  iaportance  of  both 
tens  and  indicated  quantal  interference  effects  at  intenediat*  velocities.  A 
aajor  paper  has  been  accepted  by  Physical  Review  A.  entitled  "Laser-Assisted 
Charge-Transfer  Collisions:  K+  +  Na"  and  authored  by  T.  Hsu,  M.  Kiaura  and 


S.  Olson. 


The  above  research  greatly  increased  onr  capabilities  and  lead  to  a  nice 
series  of  theoretical  papers  on  Rydberg  aton  collisions.  I  would  like  to  thank 
the  Physics  Division  of  the  Office  of  Naval  Research  for  stimulating  and 
supporting  this  research. 
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Ionization  Cross  Sections  for  Rydborg-Atom-Rydberg-Atom  Collisions 


R.  E.  Olson 

MoUeular  Physics  Laboratory.  SRI  Mttmationel,  Menlo  Par*.  California  94025 
(Received  23  April  197$) 

A  classical-trajectory  Monte  Carlo  method  has  baan  sppllad  to  collisions  of  two  Ryd- 
barf  stoma.  Numerical  calculations  were  made  for  velocities  v  *  0.01*,  to  10*,,  where 
the  Rydberg  electron's  velocity  vt(a.uJ  *  1/a  and  a  la  the  principal  quantum  number  of  the 
Rydberg  atom.  The  total  Ionisation  cross  sections  scsle  as  a4  and  show  a  ds pea- 

da  oca  at  low  v •  a  slight  waimum  around  v,.  and  a  rapid  decrease  at  high*.  The  cross 
sections  are  almost  an  order  of  magnitude  larger  than  r«V  at  thermal  energies. 


1.  Phys.  ■:  Am.  Moiec.  Phys.  U  (19S0)  <11-491  Pruned  ia  Great  Britain 
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Received  19  June  1979,  in  Anal  form  29  August  1979 


Abstract  Qmeical-tnjcctocy  Monts  Carlo  calculatiom  have  been  performed  forcoUiuom 
of  ions  in  charge  states  g  «  *1,  ♦  2,  +3  and  *10  with  bydrogsnic  atoms  in  principal  quantum 
levels  a*  1,  2,  3, 10  and  20.  The  collision  velocity  range  investigated  was  1  ««/■>.«  10 
where  o,  it  the  orbital  velocity  of  tbs  Rydberg  electron  (1/a  in  atomic  units).  Both 
charge-exchange  and  impact  ionisation  emu  tactions  were  calculated  with  impact  ion¬ 
isation  found  to  be  the  dominant  channel  for  e/c.»2.  For  e/e,»S,  the  sum  of  the 
charge-exchange  (cax)  and  impact  ionisation  (ion)  cross  sections  may  be  represented  by 
'cnx«iON(ei)*6sn  V/o1.  where  v  is  in  atomic  units.  Analysis  of  the  electronic  levels 
produced  after  charge  exchange  by  the  ion  indicates  the  capture  proceeds  into  excited  levels 
which  tend  to  preserve  the  energy  and  orbital  sue  of  the  initial  Rydberg  atom. 
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Excitation  transfer  in  ion-Rydberg-atom  collisions 

R.  E.  Olson* 

Molecular  Phytta  Laboratory,  SRI  International  Menlo  Park.  California  94025 

(Raodvsd  1 1  September  1980)  ^  __ 

Recently,  electron-loci  crocc  tectiom  were  preeentad  by  Kim  end  Meyer  [Phyt.  Rev.  Lett.  44,  1047  (1910)]  for  40  0 

keV/imn  N’*  +  H**(» )  coOmom  which  ecaled  cee11'.  when  e  ie  the  principal  quantum  number  of  the  excited  H* 

Such  reeults  are  in  coo  trait  to  an  a1  waling  predicted  by  rlamirel  and  lint  Born  theoretical  method*.  Our 
ximitin—  iiwtieare  that  a  major  component  o f  the  axpari  mentally  obeerved  ion  ttmal  wee  due  to  Start  joniration 
by  deflector  gride  of  highly  excited  H*  produced  in  eicitation-trenefer  collliiona.  Induaon  of  the  eacitation  prooem 
in  a  theoretical  interpretation  reveelt  qualitative  agreement  between  theory  and  experiment  and  etremes  the 
importance  of  excitation  tnarfer  in  ion-Rydberg-atom  collieiona 

0 


d. 

'.I 

volume  46.  Numbes  22  PHYSICAL  REVIEW  LETTERS  I  June  I9fli 


Ion  Collisions  with  Rydberg  Atoms  in  Strong  Electric  Fields 

R.  E.  Olson'*’ 

Molecular  Physics  Laboratory,  SRt  International,  Menlo  Ar*.  California  94025 

and 

A.  D.  MacKcUar 

Department  of  Ayiici  and  Astronomy,  University  of  Kentucky,  Lexington.  Kentucky  40506 

(Kaon trad  2  February  1981) 

Tba  class  leal-  trajectory  Monte  Carlo  method  baa  bn  an  us  ad  to  Investigate  collisions  of 
loas  and  Rydberg  atoms  la  atrong  dc  else  trio  flalda.  Cross  a  actions  are  pretested  for 
n  -  10  nod  n  -  20  Rydberg  atoma  at  velocities  1  *  e  A>,  *  10  where  v,  -  •  *»  a.u.  Electric 
Raids  which  ionize  product  Rydberg  atoma  la  states  s'  ■  a  ♦  An  with  A*  •  1,  2,  and  4 
wars  seed.  The  electric  Held  caused  the  cross  sections  for  electron  capture  to  decrease 
up  to  fourfold  while  the  Ionisation  values  Increased  by  ig>  to  two  orders  of  magnitude. 

FACS  numbers:  34.S0.Hc,  34.70.+S 
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LETTER  TO  THE  EDITOR 


The  effect  of  core  iateractkMs  in  /-mixing  collisions  of 
Rydberg  atoms  with  rare  gases 

A  P  Hickman 

Santo  to  nil'll-  AtaMgai  Centre  (TEtatot  Mndlatoe  to  Secfcy.  *U**  Otf-wr- 
Yvsne  Cede*.  Prince 
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i  for  eolltoMi  of  Na  Rydbart  »tom  with  Ha  end  Af 
l  ot  the  toaracttai  betwoea  the  No*  < 

■ah  correepondiag  to  the  took  ad  aad  a(  ara  i 

larWag  from  the  core.  Uhl 
i  (10d-»  101)  an  toeahthn  to  the  eon  i 
i(10d—  lOd)  —>  rhea-  dtodrantty.  Ttoraeakkeoaekeeai  with  the 


PHYSICAL  REVIEW  A  VOLUME  27,  NUMBER  4 

Ion-atom  differential  *r*Tti  scctians  at  intennadiate  energies 

HE.  Olson 

Pkjtkt  Dtpartmttu,  UtUetni  ty  of  Missouri— KoQa,  Rath,  Missouri  63401 
(Received  25  October  1982) 

Tin  ftoaical  trajectory  Moots  Carlo  method  Mi  bam  and  to  caknhte  H++Hiu) 
tin  Inn  i  aptan  aad  ionisation  diffawntial  croaa  aactiona  in  tha  rang!  25—200  keV.  The  » 

dactoKapm  Angular  iciiwhg  ot  tha  electron  rammed  bjr  the  wnirarion 

praons  has  hn  itndiad  si  s  fraction  of  ajcctad-dectron  nlociiy  ■•*  Dn  domical  cslcnls* 
ttan  an  hi  raaaoanhli  agreement  with  conphd-rhnwnl  reachs  ot  Shakeehaft  fPfajra.  Rev.  A 
iL  1930  (197»]  m  to  tha  “ehetroo  capture  to  the  ccotmuusT  (ECO  component  ot  the  tarn¬ 
ation  praeam  where  thh  term  h  defined  aa  the  dieted  electron  being  bmh  doedy  centered 
to  the  peqjaclfle  Ora  the  target  nodeoa  after  the  coOSUcn.  The  ECC  cram  section  o^cx  *n 
itndiad  as  a  ftoetten  ot  oolHeion  energy  (50-900  keV/amn)  aad  projectik  charge  state 
(f  *1— 10).  At  high  margin,  <r«cc  tcalea  aa  The  maxim  am  vmhn  for  (Twee  wee 

determined  to  be  aa  energy  £Mm(5 6  keV/amn)ga4.  Reatricting  toe  ECC  component  to 
anl  lintmn  emtterlng  angles,  rad  alectron  ejection  velocities  c,— o,(1.0±0.1), 

wtora  Wf  h  tha  pnjatih  velocity,  indketea  this  process  is  a  minor  component  of  toe  total 
ioaiiatioa  eras  saetkn  at  intermediate  energies. 


ABSTRACTS  FROM  PUBLICATIONS  (CONTINUED) 


Rydberg  states  of 
atoms  and  molecules 

Editors 

R.  F.  Stebbings  and  F.  B.  Dunning 

Departmtnt  of  Space  Physics  and  Astronomy 
Rice  University 


6 

Theoretical  approaches  to  low-energy  collisions 
of  Rydberg  atoms  with  atoms  and  ions 
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Cambridge  University  Press  1983 
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Ion  scatterins  from  state-selected  Rydberg  atoms 

G.  A.  Kohring,  A.  E.  Wetmore,  and  R.  E.  Olson 
Pftysjcs  Department.  University  of  Missouri- Roila.  RoOa,  Missouri  65401 
(Received  7  April  1983) 

Clearical-traiectory  Monte  Carlo  calculations  have  been  performed  for  collisions  of  protons  with  state- 
selected  hydrogenic  Rydberg  atoms.  The  examples  investigated  were  Rydberg  atoms  in  the  n  - 10,  /  -9 
level  with  mt-0  and  9.  The  collision  velocity  rsnge  was  0.1  to  1.0  a.u.  (2.2x10’  to  2.2x10*  cm/s).  The 
ionization  crosa  sections  were  found  to  be  relatively  insensitive  to  changes  in  the  m,  levels.  However,  the 
charge-transfer  cross  sections  showed  considerable  enhancement  if  the  Rydberg  electron  is  orientated  in  a 
plane  which  is  parallel  to  the  direction  of  the  incident  projectile. 


i. 


Lsiir-aniitsl  charge-transfer  collisions:  I+  ♦  Na 
Y.  P.  Ban.  M.  Kiaora  and  1.  E.  Olson 
Dept,  of  Physics 
University  of  Missonri-Kolls 
tolls,  NO  (5401,  U.S.A. 


A  theory  has  heeai  fomlated  to  characterise  charge  transfer  collisions  in 
the  presence  of  an  external  laser  field.  The  aolecnlar  state  expansion  aethod 
is  nsed  to  describe  the  scattering  process  within  the  iapaet  paraaeter 
foraalisa.  Electron  translation  factors  are  included  in  the  aolecnlar  state 
expansion  so  that  the  scattering  wavefmnetioa  satisfies  the  correct  boundary 
conditions.  The  theory  is  applied  to  the  process:  K+  ♦  Na  ->  K  +  Na+.  In 
addition,  ve  have  aade  a  detailed  analysis  of  laser-assisted  charge  transfer 
for  low-energy  collisions.  In  this  esse,  a  Landan-Zener  foranla  can  be  derived 
which  shows  that  the  cross  section  increases  with  decreasing  incident  energy. 

I*  general  the  laser  eompliag  is  doaiinant  in  the  low-energy  region,  while  the 
dyaaaieal  sampling  becomes  important  as  the  collision  energy  increases. 


